Titanium dioxide nanoparticles were synthesized by a green synthesis mechanism by using a natural extract as a reducing agent. The electrical properties of TiO2 thin films deposited by doctor blade method has been investigated by impedance spectroscopy study and analyzed as a function of bias, temperature and frequency. Impedance spectroscopy analysis demonstrated that TiO2 nanoparticles obtained by this mechanism have semiconducting behavior. Showing a decreased of resistance with the increase of bias voltage and temperature.
Introduction
Transition metal oxide nanoparticles have attracted a considerable amount of attention due to their unique chemical, physical, electrical and magnetic properties. They significantly differ in many ways from their bulk properties such as size, surface effect and electrical properties [1] . TiO2 is a multi-functional material whose physical and chemical properties have allowed to be suitable for a wide range of applications; it exhibits non-toxic properties and it is chemically inert and thermally stable. Its wide applications such as super capacitors, biosensors and selfcleaning, have already been explored [2] . Besides, it is also an excellent electrode material that can be used for the conversion of light energy into electrical energy because of its semiconducting properties [3] , [2] . The TiO2 nanoparticles have been synthesized by a variety of methods such as sol-gel route [4] , mechanism of vaporphase reaction process [5] , hydrothermal synthesis assisted by microwaves [6] .
It has been established by research that the preparation technique and processing conditions impact strongly the microstructure and properties of the material.
The aim of the present study is to investigate the electrical transport properties of semiconducting films of TiO2 nanoparticles, so the prepared nanoparticles by Green Chemical method were analyzed by using impedance spectroscopy (IS), which is a powerful tool for characterizing many of the electrical properties of materials and their interfaces. It may be used to investigate the dynamics of bound or mobile charge in the bulk or interfacial regions of any kind of solid or liquid material: ionic, semiconducting, mixed electronic-ionic, and even insulators (dielectrics) [7] , [8] . This method consists in measuring the response of an electrode to a sinusoidal potential modulation at different frequencies [9] . A multitude of fundamental microscopic processes take place throughout the cell when it is electrically stimulated and, in concert, lead to the overall electrical response. They include the transport of electrons through the electronic conductors, the transfer of electrons at the electrode-electrolyte interfaces to or from charged or uncharged atomic species which originate from the cell materials and its atmospheric environment (oxidation or reduction reactions), and the flow of charged atoms or atom agglomerates via defects in the electrolyte [9] . The impedance spectroscopy is useful to separate real and imaginary part of electrical parameters and hence used to study the electrical properties of materials [10] .
Materials and Methods
TiO2 nanoparticles were synthetized by green synthesis method [11] , [12] , using extract derived from leaves of lemon grass, the process was divided in two stages: natural extract elaboration and synthesis of TiO2 nanoparticles. Titanium tetraisopropoxide (TTIP 95% pure) manufactured by AlfaAesar was used as a TiO2 precursor, ethanol (CH3CH2OH) manufactured by Panreac was used for washing nanoparticles.
Experimental procedure
An aqueous extract was prepared by immersion of 100 g of ground leaves lemon grass in 500 ml of distilled water at 90°C. Before this, fresh leaves of Lemon Grass (Cimbopogon Cytratus) were washed with distilled water to remove the dust or any other dirt of the environment and dried at 40°C in a furnace. The extract was filtered several times and concentrated by evaporation, heating it at 60°C. For synthesis of pure TiO2 nanoparticles, an aqueous solution of 5mM of titanium isopropoxide was stirred by ultrasound during 30 min, 15 ml of the aqueous extract of lemon grass was added in 85 ml of isopropoxide solution with continuous stirring at 175 rpm and room temperature for 24 h. Synthesized nanoparticles were removed by centrifugation and dispersed in ethanol and then in distilled water to wash out impurities, after that, they were calcined in a muffle furnace for 3 h, starting at 300°C until 550°C [11] .
The electrical properties of TiO2 nanoparticles were characterized by impedance spectroscopic measurements in the frequency range from 100 Hz to 1 MHz, with different dc bias voltage between 100 and 400 mV, and temperatures from 298 K to 373 K. The measurements were conducted in the dark, performed on a Solartron 1260 Impedance Analyzer in a cell configuration with stainless steel blocking electrodes. For the electrical impedance measurements, the powder samples of TiO2 were supported as a film on a stainless steel thin sheet employing an organic solvent and by using the doctor blade technique [13] to support it.
Results

Impedance Spectroscopy (IS)
A popular format for evaluating electrochemical impedance data consists on plotting the imaginary impedance component Z´´ against the real impedance component Z´, at each excitation frequency sets up the Nyquist plot [9] . Figure 1 presents the Nyquist plot of TiO2 sample at room temperature for the frequency range 10 Hz and 1 MHz, the effect of the applied dc bias voltage is showed in this picture, the electrical measurements were carried out from 100 to 400 mV In this picture a simple semicircle is observed with its origin on the real axis, the effect of the dc bias voltage modifies the open arc part of the Nyquist plot, whereas dc bias increases the radio of semicircle decreases and it is shifting toward lower Z´ real values. In this diagram the ratio of the semicircle represents the charge transfer resistance equivalent to the polarization resistance. Therefore the resistance tends to decrease as the bias increases until 400 mV. The same behavior was observed for [14] , [15] to increase the dc bias voltage in TiO2 samples. The decrease of the resistance is an evidence of the carrier injection process at this applied dc voltage. Figure 2 shows the Nyquist plot of TiO2 nanoparticles at different temperatures and the frequency range between 10 Hz and 1 MHz. Each temperature resulted in a single semicircle with different sizes, which suggested a temperature dependent behavior of the TiO2 sample. The ratio of each semicircle decreased with increasing of temperature, indicating the decreased of the resistance. This is possibly due to the charge carriers of the sample being thermally activated causing the charge carriers to have more energy to overcome the insulating barrier and contribute to the electrical conduction [16] . Figure 3 shows the values of resistance of the sample obtained from Figure 2 , the variation of dc conductivity with temperature is also shown in this graph, it is observed that conductivity increases as the temperature increases, it is due to more electron-hole pairs are released, increasing the intrinsic concentration of carriers in an intrinsic semiconductor. Figure 4 shows the real, Z´ and imaginary, Z´´ components of impedance as a function of frequency at different temperatures, in this type of graphs when functions vary over many orders of magnitude logarithmic scale is useful. According figure 4 , the Z´ values are higher on lower frequencies region and these values decrease as the frequency increase. Moreover, the Z´ value decreases while the temperature increases, merging at the higher frequency zone. Decrement of Z´ with the increase of temperature and frequency indicates a semiconductor behavior and suggests that happen an increase in ac conductivity, according to the relation
× [ [18] . D. Regonini et al [18] observed that the ac conductivity of TiO2 nanoparticles increases with increasing frequency and temperature at lower temperatures, however ac conductivity of this material becomes frequency independent above 700°C. Z´ values for all temperatures converging at higher frequency zone indicating a temperature and frequency independent behavior of the material in that frequency range. This may be due to the release of space charges, as a result of reduction in barrier properties of the material with rise in temperature [17] , [19] . Further, the decreases of Z´ values with the temperature increase at low frequency shows a negative temperature coefficient of resistance (NTCR), which is a very distinctive property that semiconductors possess in some range of temperature [19] , [17] , [20] . The variation of the imaginary part of impedance Z with frequency at different temperatures for TiO2 sample is showed in Figure 4 , it is observed that the Z´´ value increases with increasing the frequency reaching a maximum peak Z´´max called relaxation frequency, and then decreases with increasing in frequency. With the increase in temperature the graph shows that Z´´max decreases which indicates a decrease in the bulk resistance [19] , it is also displayed a shifting toward higher frequency region and a broadening in each peak as an effect of the temperature variation, this behavior suggests the presence of a spread of relaxation time, that is, the existence of a temperature-dependent electrical relaxation phenomenon in the material, the relaxation process may be due to the presence of immobile species at low temperature and defects at higher temperature [6] , [17] , [20] . Finally, the merge of Z´´ at higher frequency region of all temperatures may be an indication of the accumulation of space charge in the material at lower frequencies and disappearance of space of charge at higher frequencies [1] , [19] , [20] .
Conclusions
The electrical behavior obtained from impedance spectroscopy study of TiO2 film showed a decrease of resistance with increasing of external potential on Nyquist plot. It has been found a temperature dependence on the electrical conductivity, the plot for variation of Z´´ with frequency exhibited peaks which moved towards the high frequency region with increase in temperature, which may be due to a temperature dependent relaxation. This is a technique that allows to determine the potential of TiO2 photoelectrodes in the generation of hydrogen.
